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(57) Abstract 

Process for the preparation of a composition comprising a biofunctional polymer substrate and biofunctional material substrate adapted 
for use in or in association with the human or animal body, cultivated or uncultivated living matter, wherein the biofunctional material 
substrate is optionally substantially insoluble in the polymer substrate and/or a supercritical fluid, wherein the process comprises contacting 
a mixture of the substrates or their precursors with a supercritical fluid under supercritical conditions and conditions of reduced viscosity 
and physical blending to plasticise and swell the polymer and distribute the biofunctional material substrate throughout the polymer, and 
releasing the fluid under subcritical conditions, wherein the substrates are adapted to be isolated in form of a solid admixture comprising 
the biofunctional material substrate in substantially unchanged chemical form, and optionally in substantially unchanged physical form, 
composition obtained thereby, polymer matrix embodiment thereof and the process for its preparation. 
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BIOFUNCTIONAL POLYMERS PREPARED IN SUPERCRITICAL FLUID 



The present invention relates to a process for the preparation of a biofunctional 
polymer composition comprising biofunctional material adapted for use in or 
in association with a biolocus such as the human or animal body or cultivated 
5 or uncultivated living matter, the polymer compositions, and apparatus for the 
preparation thereof. More particularly the present invention relates to the 
process, the polymer compositions, and their polymer compositions, and 
apparatus for the preparation thereof, wherein biofunctional material is adapted 
for release of biofunctional material into the human or animal body or living 
10 matter and/or adapted for insertion into human or animal host structures. 

The use of supercritical fluids in the production of polymers as a swelling, 
foaming or purification agent is known from various sources. Supercritical 
fluid serves to increase resin mobility thereby improving mixing and processing, 
to reduce the polymer glass transition temperature by swelling, and enabling 

1 5 processing at lower temperatures, and acts as a solvent for impurities (including 
unreacted monomer and residual conventional solvents) which may be removed 
during the processing to give high purity products. Moreover the fluid can be 
used to aerate the polymer by transition to non-critical gaseous state whereby 
a porous material may be obtained. Supercritical fluid has found application in 

20 incorporation of dyes and other inorganic materials which are insoluble in the 
supercritical fluid, for example inorganic carbonates and oxides, into polymers 
with a good dispersion to improve quality, in particular dispersion in products 
such as paints for spray coating and the like. 
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Polymers ave a,so been used in biomedical appHcations t „ deveiop „ 
m which brocompaubimy can be ;nfluenced tQ promwe favourab)e 

— whiist a,so producing mareriais with acceptabIe 
urface properties. Biofunctionai composite materia. ,g calcium 

r°T: dispereed in **- - - — - 

orthopaedy, dentai and other appHcations. These materia, are prepared with 
very h,^ l oadillgs - Afunctional i„or g anic soiid, or op to Sm , L the J 
of a powder, and a composite is formed either by vigorous mixing of the 

^^^^^aoiidormoitenpolvmer.orbvpoiymerisadonofme 
monomers m me presence of suspended inorganic powders. In bom cases, the 

material becomes entrapped within me polymer matrir p„h , • 

F"'ymermatnx. Particle size is selected 
or igher mechanical strength (ca. 25 m, or surface polishing fi„is hing (ca . 
m). These methods for preparation however are prone to insufficient and 
—led mixing of mareria, leading to large aggregate formation wheieby 
*e composite is prone to fracture and may no, be suitable for commercial 
processing. 

The processes have moreover found hmi.ed appiication in incorporating 
materia, which are limited by solubitiry constraints and sensitjvi[y „ 
conditions into polymers. 

Accordingly there is a need for a process for th~ 

n . PrOC6SS for the Preparation of biofunctional 

polymers having ti,e desired properties for commercial processing and for use 
- or in association with the human or animal body or hving maner as a 
btofuncnonal mareria, re.ease agen, or a .oxici.y shie.ding or barrier agent or 
as an implant irao a human or animal hos, structure such as bone or carttiage, 
den,, and tissue structures i„ to which mey are surgicaliy impianted for 
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orthopaedic bone and implant, prosthetic, dental filling or restorative 
applications and the like. 



Moreover there is a need for biofunctional polymers having the desired 
mechanical properties both for commercial processing and for implant into a 
5 human or animal host structure such as bone or cartilage, dental and tissue 
structures into which they are surgically implanted for orthopaedic bone and 
implant, prosthetic, dental filling or restorative applications and the like. 



We have now surprisingly found that the properties of supercritical fluids may 
be employed to further advantage in the preparation of biofunctional polymers 
for the improved processing and quality thereof, in a process which is notably 
independent of solubility constraints and sensitivity of biofunctional materials. 
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Accordingly in a first aspect of the invention there is provided a process for the 
preparation of a composition comprising a biofunctional polymer substrate and 
biofunctional material substrate adapted for use in or in association with the 

15 human or animal body, cultivated or uncultivated living matter, wherein the 
biofunctional material substrate is optionally substantially insoluble in the 
polymer substrate and/or a supercritical fluid, wherein the process comprises 
contacting a mixture of the substrates or their precursors with a supercritical 
fluid under supercritical conditions and conditions of reduced viscosity and 

20 physical blending to plasticise and swell the polymer and distribute the 
biofunctional material substrate throughout the polymer, and releasing the fluid 
under subcritical conditions, wherein the substrates are adapted to be isolated 
in form of a solid admixture comprising the biofunctional material substrate in 
substantially unchanged chemical form, and opiionally in substantially 
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unchanged physical form. 

Reference herein t0 precursors of po, ym e r and/or materia, 5ubstrates „ „ 
^ which may fce combined ^ ks .j o 

o g erher ^ supercridcai flujd under the defined J-, 

* 777" to (om substrattfe) *- *» - * — 

non uncnona, componen, precursors of ^ 

—Mr and a<taixed ^ to (he process of ^ inv ^ 

«*» !»* « a soIid admix,, „ t0 any desjred „ 
■0 exampie me biofunctional „, ^ ^ ^ - g b ; 

hymnal po, ymer suhsrrare in ^ fom) Qf a cMti ^ 

7** ° r ^ ■» «™*« the Wofunctio s na 

polymer sues*,* resemh.in g , (co-,con„„uous morpbology 
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^ .He „„ from coaKd „ encapsuIated ^ 
-rures , me rely a g radado„ of order of m^nirude, whereby pelte 

matt 1 " ^ effeCtiVelV COm - e * *-* - *- ^ 

z:: r ir*^ coa,ed with — * ■ — - 

phase of poiymer. Thl5 „ convenjem|y termed pan . cuiaK mofphoi ^ 

It has surprising been found ^ accordjng M presem 
» .3 P— wbich may be sujKd tQ [he prepara[ion ^ ^ P J 

po ly mer and material suhsrrarea, irrespecdve of „ 
or « namre lhereo , whereby 

a i l: me,t exm,sion ' ~ ai mix - - - - » *~ 

— M. hiend are found to he no. essential to me successfu, pr0 ces sing of me 
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composition avoiding solvent poisoning and monomer residues. 

The process may therefore be carried out in the presence or absence of 
additional carriers or solvents, and by selection of biofunctional material 
substrate which is optionally insoluble in the polymer substrate and/or the 
5 supercritical fluid. 

Preferably however, where it is desired to obtain a composition comprising a 
solid admixture comprising the biofunctional material substrate in substantially 
unchanged chemical and physical form, the process is operated in the 
substantial absence of the additional carrier or solvent, and with use of 
1 0 biofunctional material substrate which is substantially insoluble in the polymer 
substrate and the supercritical fluid. By this means it is found that biofunctional 
material in the form to provide the required bioactivity or like performance, for 
processing thereof to form the composition, will retain that form in the 
processed composition. 

15 Preferably the process is carried out in the substantial absence of solvent or 
carrier, by mixing of solid phase material substrate into fluid or solTd phase 
polymer and fluid phase supercritical fluid, whereby the absence of surface 
tension associated with liquid phase biofunctional material enables excellent 
dispersion. 

20 It is a particular feature of the process of the present invention that conditions 
of reduced viscosity and physical blending are selected to provide the required 
plasticisation, swelling and distribution. Conditions will be selected according 
to the substrates being employed, and the state of the polymer/material mixture 
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in supercritical fluid will be mo J OKrj [Q . 
plasticisation and swelling. Wropnate states of 

Preferably d» conditions are controlled throughout to ensure • 

-« and poller components wh.ch, IgethJ ^ £ ^ 

B le d nS ^ T* kadS 10 h0m ° gen0US -*« " ~ 
Blendtng may be by physical mixing, pumpin . orot . . . """^ 

Preferably blending and reduced viscositv « 

0 snmn « or the hke, according to known ,«-h • 

techniques, more preferably according 
to the process of US 5,548,004 (Ferro Com! * **ord,ng 

incotporated herein by reference. ^ " °' Whkh ™ 

" ' * 3 Pa " iCUlar ° f «* P—ss o, the present invention mat the 

a^nment of this P o,ymer mixture state dispenses with the 1 

n m d TO ^ Ae ^ ^ _ ^ ^ e 

be a source of contamtnation, toxica, deactivation or me like. 

^ components of the polymer composition may be combined in any desired 
order,p r ,or.o,orduri„gap p h cationofsupercriticalconditions / ^ 

20 The fluid may be present 



positron. P „ y fte ir :~ :rr ,o the po1 - 

fluid in a batchwise process. ™^<< ™ contacted with the 
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Transition from supercritical to subcritical conditions may be achieved in situ, 
by depressurising a pressure vessel in which the process is carried out, and 
simultaneously or otherwise ceasing mixing, whereby a foamed monolithic 
block of polymer is obtained. Alternatively the contents of pressure vessel in 
5 which the process is conducted may be discharged into a second pressure vessel 
at lower pressure whereby a homogeneous porous powder of polymer as 
hereinbefore defined is obtained by known means. 

The process may be controlled in manner to determine the dimensions and void 
fraction of micro and macro pores. 

10 Suitably the system is rendered non-fluid prior to or subsequent to release of 
fluid in the third step, in order to retain the porous structure induced by the 
fluid. 

In some cases it may be desirable to introduce an initiator or accelerator to 
initiate (partial) curing prior to and/or subsequent to release of fluid, and 
1 5 initiation may be simultaneous with introduction or may be delayed, activated 
by increase in temperature. Alternatively a spray drying step may be employed 
in place of the curing step prior to or simultaneously with release of the fluid. 
In this case a post-curing may be employed. This may have advantages in terms 
of ease or manufacturing and simplicity of apparatus employed. 



20 



Further processing of the polymer, for example additional extraction with super 
critical fluid as known in the art or with other extractants, post-polymerisation 
and cross-linking, may be subsequently performed as required and as known in 
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The proce, of ti* invemion may fce ^ 
eechntques common emp.o.eti „ the preparation of po.ymera. 

The po^er ma y he S e,ecte d from an y k „ ow „ poiymer which „ ^ 
.nnod.tio "-ora, 5 oc i ation«*en U rnanoran im , b o dyorlivingmi0er 
n no,,, manner. S ui ,a b ,e poiymer materia, are se,ec,e d from « 
b.ode^.e po^ aa diS c IoMd in Tolymerfc fi . * ^ 

d~ ISBN o- 824 , 896 , 5 , Publ . MarceI Dekker> New 

non- biod e g ra d a bl e poiymers; an d natnra, poiymer, Preferably 
polymer „ sel ecte d from nomopoiymers, block and random ^/J 
po ly me„c blends and composiKS of whkh ^ ~ 

(hyper) branched or cross-linked. 

i:r:r ude but not iimited to the ^ — - * 

Synthetic biod egra dab le polymers ma y be selected from: 

a p ;; y r s , inch,ding po,y<,actic ^ 

* PO ' yfe -P""— )• Po. y (3- byd rox yb u V rate), po. y «p- diManone) 
poly(propylene fumarate); ' 
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Poly (ortho esters) including Polyol/diketene acetals addition polymers as 
described by Heller in: ACS Symposium Series 567, 292-305, 1994; 



Polyanhydrides including poly(sebacic anhydride) (PSA), 
poly(carboxybisbarboxyphenoxyphenoxyhexane) (PCPP), poIy[bis(p- 
5 carboxyphenoxy) methane] (PCPM), copolymers of SA, CPP and CPM, as 
described by Tamada and Langer in Journal of Biomaterials Science- Polymer 
Edition, 3, 315-353,1992 and by Domb in Chapter 8 of the Handbook of 
Biodegradable Polymers, ed. Domb A.J. and Wiseman R.M., Harwood 
Academic Publishers; 

10 Poly (amino acids); 



Poly(pseudo amino acids) including those described by James and Kohn in 
pages 389-403 of Controlled Drug Delivery Challenges and Strategies, 
American Chemical Society, Washington DC; 

Polyphosphazenes including derivatives of poly[(dichloro) phosphazene], 
1 5 poly[(organo) phosphazenes], polymers described by Schacht in Biotechnology 
and Bioengineering, 52, 102-108, 1996; and 



Azo polymers 

Including those described by Lloyd in International Journal of Pharmaceutics, 
106,255-260,1994. 



20 Synthetic Non-biodegradable Polymers may be selected from: 



W0 98/5J347 „ J 

W ' PCT/GB98/0I325' 

10 

Viny, polymers includ mg polyethylene> poly(ethy , ene . co . vjnyl ace[aK) 

polypropylene, p 0 ,y(v inyi chloride) , poly(vjny] ^ ' 

copolymers of vinyl alcohol 
_ and viny, acetate, potyfacrylic acid) polymrethacrylic acid), poiyacrvlamides 
. polymerases, polyacrylates, Polygene glycoI) , ^ j 

aloxane), Polyurethanes, Po.ycarbonates, Polystyrene and derivative, 

Natural Powers may be selected from carbohydrates, po.ypepndes and 
proteins including: 

Starch, CeUulose and derivatives inciuding ethyiceUulose, methylene 
emylhydroxyethy.ceUuiose, sodium carboxymethylceHulose; Collagen; Gelatin- 
Dextran and derivatives; Alginates; Chitin; and Chitosan; 

Preferably a non biodegradab.e polymer is selected from polymers such as ester 
urethanes or epoxy, bis-maieimides, methacryiates such as methyl or glycidyl 
methacrylate, tri-methylene carbonate, di-methylene tri-methylene carbonate- 
b.odegradable synthetic polymers such as glycolic acid, glyco.ide, lactic acid' 
lacde, p-dloxanone, dioxepanone, a, k y,ene oxalates and caprolactones such as 
gamma-caprolactone. 

The poiymer may comprise any additiona, po lymeric componenB hav . 
performance enhancing or controlling effect, for exampie determining the 
degree and nature of cross-linking for improved permeability by bodily fluids 
or pharmaceutical effective agen, flexura, and genera, mechanical properties 
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The biofunctional material may be selected from any materials adapted to 
perform a function on a desired biolocus comprising or otherwise associated 
with living matter, as hereinbefore defined. A biofunctional material may be 
bioactive, bioinert, biocidal or the like. 

5 Preferably a biofunctional material is adapted to induce growth, strengthen, 
supplement or enhance a desired human, animal or living matter host structure, 
or combat or protect against threats to the host structure or to the human or 
animal body in general. The material may be selected from any inorganic or 
organic material which is optionally substantially insoluble in supercritical 
1 0 fluid, in either or both of its non critical and supercritical states. 

More specifically the biofunctional material includes but is not limited to the 
following examples typically classed as (pharmaceutical) drugs and veterinary 
products; agrochemicals as pest and plant growth control agents; human and 
animal health products; human and animal growth promoting, structural, or 
1 5 cosmetic products including products intended for growth or repair or modelling 
of the skeleton, organs, dental structure and the like; absorbent biofunctional 
materials for poisons, toxins and the like. 

Pharmaceuticals and veterinary products, i.e. drugs, may be defined as any 
pharmacologically active compounds that alter physiological processes with the 
20 aim of treating, preventing, curing, mitigating or diagnosing a disease. 



Drugs may be composed of inorganic or organic molecules, peptides, proteins, 
enzymes, oligosaccharides, carbohydrates, nucleic acids and the like. 
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w ' PCT/GB98/0I325 > 
Drugs may include but not h» v ! 2 _, 

Mowing: * n, " ed '° CM " «*« - «« the 

Infections such as antivira, drugs. amibacterja] 

antiprotozai drugs, anthelmintic, ^, anffungal drugs. 

5 Cardi °~ ^rem such as. positive inorropic drug s diuretics ■ 
drug, ..-adrenoceptor hloc.ing drugs caiciu! ^ 2Z 

-Pdeprrca, drugs used ,„ parKnaoniam. dnJgs _ _ ^ Jj^ 

Malignant disease and immunosuppresion agenrs such as cvtotosic drugs 

» — response modulators, sex hormones and antagonists of mai 

diseases; agonists of malignant 

Respiratory system ag t 

pulmonary surfactants, systemic nasa, I decongestant 
diseases, drugs used m neuromuscular disorders; and 
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Immunological products and vaccines. 

Agrochemicals and crop protection products may be defined as any pest or plant 
growth control agents, plant disease control agents, soil improvement agents 
and the like. For example pest growth control agents include insecticides, 
5 miticides, rodenticides, molluscicides, slugicides, vermicides (nematodes, 
anthelmintics), soil fumigants, pest repellants and attractants such as 
pheromones etc, chemical warfare agents, and biological control agents such as 
microorganisms, predators and natural products; 

plant growth control agents include herbicides, weedicides, defoliants, 
10 dessicants, fruit drop and set controllers, rooting compounds, sprouting 
inhibitors, growth stimulants and retardants, moss and lichen controllers and 
plant genetic controllers or agents; 

plant disease control agents include fungicides, viricides, timber preservatives 
and bactericides; and 
15 soil improvement agents include fertilisers, trace metal additives, bacterial 
action control stimulants and soil consolidation agents. 

Human and animal health or growth promoting products may be defined as any 
of the above intended for general health purpose, including vitamins, nutrients, 
steroids, and the like. 

20 Preferred human and animal growth promoting, structural or cosmetic products 
as defined above include the class of apatite derivatives, for example calcium 
hydroxyapatite which functions as a bone or dental component, silicon which 
functions as a tissue modelling component, and analogues, precursors or 
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up to a critical point at which the equilibrium line between liquid and vapour 
regions disappears. Supercritical fluids are characterised by properties which 
are both gas like and liquid like. In particular, the fluid density and solubility 
properties resemble those of liquids, whilst the viscosity, surface tension and 
5 fluid diffusion rate in any medium resemble those of a gas, giving gas like 
penetration of the medium 

Preferred fluids include carbon dioxide, di-nitrogen oxide, carbon disulphide, 
aliphatic C 2 - 10 hydrocarbons such as ethane, propane, butane, pentane, hexane, 
ethylene, and halogenated derivatives thereof such as for example carbon 

1 0 tetrafluoride or chloride and carbon monochloride trifluoride, and fluoroform 
or chloroform, C 6 - 10 aromatics such as benzene, toluene and xylene, C,- 3 
alcohols such as methanol and ethanol, sulphur halides such as sulphur 
hexafluoride, ammonia, xenon, krypton and the like. Typically these fluids may 
be brought into supercritical conditions at temperature of between 0-300°C and 

15 pressures of 7-1000 bar, preferably 12-800 bar. It will be appreciated that the 
choice of fluid may be made according to its properties, for example diffusion 
and as solvent. Preferably the fluid acts as solvent for residual components of 
a polymer composition as hereinbefore defined but not for biofunctional 
material as hereinbefore defined. Choice of fluid may also be made with regard 
20 to critical conditions which facilitate the commercial preparation of the polymer 
as hereinbefore defined. 



Preferably the fluid comprises carbon dioxide optionally in admixture with any 
further fluids as hereinbefore defined or mixed with conventional solvents, so- 
called "modifiers". 
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application routes. 

For use as barrier agents for human or animal or living matter, the composition 
may be in a suitable form comprising the biofunctional material substrate 
homogeneously distributed throughout the polymer matrix, which may be 
5 shaped or impregnated into a shaped product, to provide the product in the form 
of a barrier film, layer, clothing or sheet adapted to enclose or otherwise 
surround the body or matter to be protected. 

For use as a structural components, for example comprising the polymer and 
optional additional synthetic or natural metal, plastic, carbon or glass fibre 

10 mesh, scrim, rod or like reinforcing for medical or surgical use, the composition 
may be adapted for dry or wet insertion into a desired host structure, for 
example may be in powder, pellet, granule or monolith form suited for insertion 
as a solid monolith into bone, as fillers or cements for wet insertion into bone 
or teeth or as solid aggregates or monoliths for orthopaedic implants such as 

15 pins, or dental implants such as crowns etc. 

Preferably a composition for staged release of material substrate may comprise 
one or more biofunctional material substrates as hereinbefore defined as one or 
more layers, obtained by repeating the process of the invention as hereinbefore 
defined, or by coating of the composition by conventional means. 

20 The polymer composition may be of any desired particle size in the range of sub 
micron powders up to monoliths of the order of centimetres magnitude. It is a 
particular advantage of the present invention that the polymer composition is 
obtained in the desired form in uniform size particles such as powder, pellets 
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Alternatively a less viscous polymer consistency may be employed whereby a 
substantially non foamed or non-porous monolith may be attained by relaxation 
of polymer mix subsequent to removal of supercritical fluid. 

Monoliths may be formed into desired shape during the processing thereof, for 
example by removal of supercritical fluid from a mixing vessel having the 
desired monolith shape. Alternatively monolith may be removed from the 
mixing vessel and cut to desired shape. 

It is a particular feature of the invention that properties of polymer density and 
porosity and biodegradability may be employed to beneficial effect in release 
of biofunctional material substrate, such as drugs and the like in/or in 
association with the human or animal body or living matter, and/or as structural 
implants in or in association with the human or animal body or living matter, to 
be compatible in terms of structural properties of the locus of implantation. 

The nature and form of composition may also be selected according to desired 
15 loading of polymer with a biofunctional material substrate. It has been found 
that biofunctional material substrate may be introduced up to a maximum 
loading at which cohesion of polymer is no longer effective. Advantageously 
it has been found that higher loading may be obtained according to the process 
of the present invention than with known processes, by virtue of the uniform 
morphology of biofunctional polymer and material substrates, and loadings of 
biofunctional material substrate up to and in the range 0.01 - 99.9 %, for 
example in excess of 50 wt%, or in excess of 80 wt% have been obtained. 
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The biofunctional material may be treated prior to or during the incorporation 
in the polymer with any suitable materials adapted to enhance the performance 
or mechanical properties thereof. The biofunctional material may be treated 
with components such as binders adapted to promote adhesion of material to the 
5 polymeric substrate, dispersants to increase dispersion throughout the substrate 
and prevent aggregate formation, to increase dispersion as a suspension 
throughout a supercritical fluid, activators to accelerate any biofunctional effect 
in situ and the like. Preferably a biofunctional material comprising 
hydroxapatite may be treated with binding species such as silanes and the like 

0 to facilitate increased adhesion of panicles to the polymeric substrate. 

Without being limited to this theory it is thought that the adhesion promoter 
attaches to the biofunctional material thereby exposing or otherwise selecting 
a binding site which may bind to the polymer or components. 

Preferably the adhesion promoter is soluble in fluid as hereinbefore defined 

1 whereby residual promoter which is not bound to the biofunctional material or 
to the polymer is removed by extraction from the product polymer by the fluid, 
or the vented gas. 

In a further aspect of the invention there is provided a resin, fluid or 
biofunctional material as hereinbefore defined or components thereof for use in 
the preparation of a polymer composition as hereinbefore defined. 

In a further aspect of the invention there is provided an apparatus for use in the 
preparation of a biofunctional polymer as hereinbefore defined. Suitably the 
apparatus comprises one or more pressure vessels adapted for temperature and 



WO 98/§134,7 ^ ^ _ 

' PCT/GB98/01325' 



~ e '^-- prisingmeamformi!dngthe 

ve.se, may mCude means for depressurisatjon , for ~ 
5 commonly known in the art. 



20 



25 



a human or animal health or ... ™aceu,,cal o r vetennary product, 

!Z bly ^ " in£er,i ° n 2 h ™ an " ^ *» » * >» any 
k T teChn,qUe ' ^ *» **« ***** in onhopaedic' an 
~c appHoanon, impiantm, a, cement or cro W „ in denia, appLons o 
den a, re S ,ruc,unn g , or implanting imo . ^ 

^- f t h epo,ymermay b erorco3me Iic/aestheticorfor me " 
compr, sl „ g biofunctiona , maKria| ^ insened ^ - 

grow,h w,twn * host — * - *- «— ^ 

with the host structure. 

S^iy use for re.ease or hiorunctiona, materia, as nereinoerore denned ,s b y 
ntroducm g the composition into a desired ,ocus. A no n . b ,ode g rada b ,e po.yme 
compos,.,o„ may provide re.ease or suhstrate b y deiayed water penetra ion 
~d rates o, su b stra.e d iff usion t b rou gh voids in the po.ymer m atr lx and 



OCID <WO_985l347A1.| > 



WO 98/51347 • ^ ^GB98/6l325 

23 

the like, with excretion or surgical removal of matrix from the human or animal 
body, or removal from any locus as desired. A biodegradable substrate may 
provide release in the course of biodegradation, by progressively exposing 
substrate to the locus with progressive degradation. 

5 The invention is now further described with reference to specific embodiments 

In a first specific embodiment there is provided a biofunctional polymer matrix 
comprising biofunctional material which is substantially soluble or insoluble in 
a supercritical fluid wherein the polymer is of varied porosity whereby the 
biofunctional material is distributed throughout relatively smaller and relatively 
1 0 larger pores in manner to become embedded in the walls of smaller and larger 
pores. This may also be termed particulate morphology. 

Advantageously the polymer matrix of the invention is characterised by 
improved mechanical properties facilitating commercial processing and 
additionally providing both mechanical strength and flexibility for commercial 
15 applications. In a further advantage the polymer is adapted to mimic the 
structure of porous human and animal host structures such as bone, meniscus 
and cartilage, dental and tissue structures thereby enhancing its suitability as 
structural or release implant and simultaneously improving biocompatibility 
thereof. 



The polymer matrix as defined above provides pores of at least two different 
orders of magnitude, for example of micro and macro type, each present in an 
amount of between 1 and 99% of the total void fraction of the polymer. 
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example, for orthopaedic or dental application, by embedding with an apatite 
component as biofunctional material a bone "skeleton" is synthetically created. 

Similarly the macro pores, are suitably of magnitude and distribution whereby 
embedding of pore walls with a biofunctional material creates biofunctional 
5 pores mimicking those of the host structure, thereby providing by synthetic 
means an implant or the like which is functionally identical to the natural host. 

In the specific embodiment the biofunctional material may otherwise comprise 
a pharmaceutically effective agent selected from any known agent which it is 
desired to release into the human or animal body by slow release means. 

1 0 In this case the micro pores are suitably of magnitude and distribution whereby 
embedding with pharmaceutically effective agent provides a reservoir of agent, 
adapted for uniform or controlled slow release by means of diffusion from or 
biodegrading of the polymer, without prejudice to the mechanical properties of 
the polymer. 

1 5 Similarly the macro pores are suitably of magnitude and distribution whereby 
embedding with a pharmaceutically effective agent to a desired thickness 
creates release loci into which pharmaceutically active agent may dissolve and 
be released, and optionally at the walls of which the degrading of biodegradable 
polymer takes place. 

20 Reference herein to micro and macro pores being of different orders of 
magnitude is therefore to be understood to be respectively of any unit dimension 
and its corresponding 10" multiple. For example micro pores may be of the 
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defined comprising (co-) monomers, (co-) oligomers, pre-polymers and 
mixtures thereof in admixture with a fluid solution or a fluid dispersion of 
biofunctional material in supercritical state or adapted to be brought into 
supercritical state in situ, wherein an amount of the (co-) monomers, (co-) 
5 oligomers and/or pre-polymers is soluble in the fluid in supercritical state and 
wherein the biofunctional material, as hereinbefore defined is substantially 
insoluble in the fluid in one or both of its super and subcritical states. 

In a further aspect of the specific embodiment of the invention there is provided 
a cured or partially cured or otherwise non-fluid resin system for the preparation 
10 of a polymer as hereinbefore defined comprising an amount of residual (co) 
monomers, (co-) oligomers and/or pre-polymers in admixture with a fluid 
solution or fluid dispersion of a biofunctional material as hereinbefore defined 
in supercritical state or adapted to be brought into supercritical state whereby 
the residual components are soluble in the fluid 

15 The invention is now illustrated in non limiting manner with reference to the 
following examples and Figures. 

Example 1 

Polymerisation to form gel with homogeneously dispersed inorganic 
biofunctional material - subsequent extraction of soluble monomeric/oligomeric 
20 residues by supercritical fluid processing. 
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Starting materials are methyl methacrylate monomer and hydroxyapatite 
powder at 50% by volume. The materials are mixed under constant stirring and 
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dioxide environment. 

Methyl methacrylate monomer and hydroxyapatite are added to a high pressure 
autoclave. The autoclave is equipped with highly efficient stirring and 
temperature control. The autoclave is charged with carbon dioxide at a defined 
5 temperature and pressure (ca. 75°C, 3000 psi). The vessel is charged with 
initiator (AIBN) and polymerisation occurs leading to hydroxyapatite 
encapsulated in a polymeric foam. The pressure and temperature of the vessel 
are controlled so as to ensure density matching of carbon dioxide solvent and 
the polymer and efficient stirring leads to homogeneous mixing of 
10 hydroxyapatite. 

Discharging of the contents into a second autoclave at lower pressure yields a 
homogeneous porous powder of hydroxyapatite encapsulated in polymer. 

Example 3 

As in Example 2. But starting with polymer or high molecular weight oligomer 
1 5 and HA powder. The autoclave is charged with carbon dioxide at a defined 
temperature and pressure (ca. 75°C, 3000 psi), sufficient to ensure density 
matching of carbon dioxide solvent and polymer. Discharging of the contents 
into a second autoclave at low pressure yields a homogeneous porous powder 
of hydroxyapatite encapsulated in polymer. 



20 Example 4 
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As in Examples 2 and/or 3 leading to a homogenised foam structure within the 
primary autoclave. In this case stirring is ceased and the autoclave is 
depressurised leading to a foamed block of composite material. Further 
processing (extraction, further polymerisation and cross-linking) is performed 
5 as required. 

Example 6 

As in Example 2, 3, 5 but allowing for addition of a binding species (gamma- 
methacryloxypropyltrimethoxysilane) to facilitate increased adhesion of apatite 
particles to the polymeric substrate. The (gamma- 

10 methacryloxypropyltrimethoxysilane) species is soluble in supercritical C0 2 and 
may be injected into the autoclave during the mixing and/or polymerisation 
step. The siloxane group attaches to the hydroxy apatite leaving a free acrylate 
group which may be incorporated into the polymeric substrate. 

Alternatively, the hydroxyapatite panicles may be pre-treated with such a 
15 species prior to mixing. Pre-treatment may be performed by a supercritical 
coating step. Dissolution of the siloxane binder in supercritical C0 2 and 
subsequent exposure of the hydroxyapatite particles leads to coating of the HA 
particles. These panicles may then be treated as per examples 2, 3, 5. 

The solubility of this binder in C0 2 ensures that residual material, not bound to 
20 the HA or the polymer substrate is removed from the final product. 

It will be apparent from the examples that the process of the invention achieves 
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Process for the preparation of a composition comprising a biofunctional 
polymer substrate and biofunctional material substrate adapted for use in 
or in association with the human or animal body, cultivated or 
uncultivated living matter, wherein the biofunctional material substrate 
is optionally substantially insoluble in the polymer substrate and/or a 
supercritical fluid, wherein the process comprises contacting a mixture 
of the substrates or their precursors with a supercritical fluid under 
supercritical conditions and conditions of reduced viscosity and physical 
blending to plasticise and swell the polymer and distribute the 
biofunctional material substrate throughout the polymer, and releasing 
the fluid under subcritical conditions, wherein the substrates are adapted 
to be isolated in form of a solid admixture comprising the biofunctional 
material substrate in substantially unchanged chemical form, and 
optionally in substantially unchanged physical form. 

Process according to Claim 1 wherein the precursors react to form the 
polymer and/or material substrates in situ. 

Process according to Claim 1 or 2 wherein the solid admixture 
comprises the biofunctional material substrate encapsulated by the 
biofunctional polymer substrate in the form of a coating, resembling a 
particulate morphology or intimately admixed and uniformly distributed 
throughout the biofunctional polymer substrate resembling a (co-) 
continuous morphology. 

Process according to any of Claims 1 to 3 wherein the biofunctional 
material substrate is in substantially unchanged physical form, which is 
operated in the substantial absence of additional carrier or solvent, and 
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with use of biofimcuonal „ substrate ^ fa ^ 
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11. Process according to Claim 10 wherein the biofunctional material is 
selected from a pharmacologically active compound, preferably a 
pharmaceutical or veterinary product, a human or animal health or 
growth promoting, structural or cosmetic product, an agrochemical or 
crop protection product, a natural or synthetic barrier capable of 
immobilising naturally ocurring or artificially introduced poisons, toxins 
and the like by absorption, interaction, reaction and the like. 

12. Process according to any one of Claims 1 to 11 wherein the 
biofunctional material is selected irrespective of its miscibility, 
solubility or the. like in the polymer and/or supercritical fluid. 

13. Process according to any one of Claims 1 to 12 wherein the supercritical 
fluid is selected from carbon dioxide, di-nitrogen oxide, carbon 
disulphide, aliphatic C 2 -i 0 hydrocarbons such as ethane, propane, 
butane, pentane, hexane, ethylene, and halogenated derivatives thereof 
such as for example carbon tetrafluoride or chloride and carbon 
monochloride trifluoride, and fluoroform or chloroform, C 6 - 10 aromatics 
such as benzene, toluene and xylene, C r3 alcohols such as methanol and 
ethanol, sulphur halides such as sulphur hexafluoride, ammonia, xenon, 
krypton and the like, preferably adapted to be brought into supercritical 
conditions at temperature of between 0-300°C and pressures of 7-1000 
bar, preferably 12-800 bar. 

14. Composition comprising a biofunctional polymer substrate and a 
biofunctional material substrate adapted for use in or in association with 
the human or animal body, or cultivated or uncultivated living matter, as 
hereinbefore defined in any of Claims 1 to 13, wherein the biofunctional 
material substrate is optionally substantially insoluble in the polymer 
substrate and/or in a supercritical fluid, the polymer composition being 
obtained by blending substrates in a supercritical fluid and isolation 
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matena. substrate in substantially unchanged chemical fonn and 
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15. Composition according « 0 Cairn 14 which is adapted for administration 
or application as hereinbefore defined in Claims 10 and 1! in a 
foliation selected ftom creams, gels, syrups, pastes, sprays, solutions, 
suspends, powdets, microparticles, granules, p ills , capsules, tab,ets 
pellets, suppositories, pessaries, colloidal matrices, monoliths and 
boluses and me like for administmtion by topical, oral, rectal, parenteral 
eptcutaneous, mucosal, intravenous, intramuscular, inspiratory or' 
hke application routes; as a stntcture comprising natom. metal, p.astic 
earbon or glass fibre mesh, scrim, rod or tike reinforcing; in 
formulation selected from powders, pellets, granules, monoliths, fillet, 
or cements for bone or teeth inserts or as solid aggregate or monolith 
puts, crowns and the like as orihopaedic or dental implants; in the fonn 
of a shaped product of the polymer mate, as a barrier film, layer 
clothmg or sheet adapted to enclose or otherwise surround the body or 
matter to be protected;, and combinations thereof. 

16- Composition according to any of Claims ,4 and ,5 which is of particle 
-ze of submicron powders through monolims of the „ rd er of 
centimeters. 



17. 



Composition according to any of Cairns ,4 to ,6 which is adapted for 
(staged) r e leas e of bioftnctional materia, substrate and comprises one or 
more btofunctiona, material substrates as one or more layers by delayed 
water penetration, restricted rates of substrate difiuston through voids in 
*e polymer matrix and the like, in the course of biodegradation, by 
progressively exposing substrate to the lo cus with progressive 
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degradation with excretion or surgical removal of matrix from the 
human or animal body, or removal from any locus as desired. 

18. Composition according to any of Claims 14 to 17 comprising 
biofimctional material substrate in loadings of 0.01 to 99.9 wt%. 

19. Composition as hereinbefore defined in any of Claims 14 to 18 for use 
as a pharmacologically active product, preferably a pharmaceutical or 
veterinary product, a human or animal health or growth promoting, 
structural or cosmetic product, an agrochemical or crop protection 
product, a natural or synthetic barrier capable of immobilising naturally 
ocurring or artificially introduced poisons, toxins and the like by 
absorption, interaction, reaction and the like. 

20. Biofimctional polymer matrix comprising biofimctional material which 
is substantially soluble or insoluble in a supercritical fluid wherein the 
polymer is of varied porosity whereby the biofimctional material is 
distributed throughout relatively smaller and relatively larger pores in 
manner to become embedded in the walls of smaller and larger pores. 

21. Biofimctional polymer matrix according to Claim 20 which provides 
pores of at least two different orders of magnitude, for example of micro 
and macro type, each present in an amount of between 1 and 99% of the 
total void fraction of the polymer. 

22. Process for the preparation of a biofimctional polymer matrix according 
to Claim 21 comprising: in a first step obtaining substrates as 
hereinbefore defined under conditions of temperature and/or pressure to 
bring the fluid into supercritical state; in a second step mixing thereof; 
and in a third step releasing the fluid in sub or super critical state under 
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sub or super critical conditions of temperature and/or pressure whereby 
an amount of (co-) monomers, 

(co-) oligomers and/or pre-polymers dissolved in the fluid are removed 
from the system and the soluble or insoluble biofunctional material 
substrate is deposited distributed throughout the composition. 



23. 



Composition or matrix as herein described or illustrated in the 
description, examples or Figures. 



24. Process for the preparation of a composition or matrix as herein 
described in the description and examples. 
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